Introduction
============

For the past 30 years, innovation, especially in the digital field, has improved many professional fields, being difficult to find a sector or industry where information technology has not been greatly influenced. In medicine, the advances in telecommunication combined with the evolution of information technology industry plays a substantial role, transforming and improving health services. The field of telemedicine, at first regarded as unreliable and unaffordable, has rapidly evolved in the past 20 years and this new modality of healthcare delivery emerged as an attractive and efficient way of improving the quality of care.

Described as the „stethoscope of the future" \[[@B1]\], ultrasound is the imaging technology most easily adaptable to provide a rapid and non-invasive bedside diagnosis as well as interventional procedures, such as paracentesis, thoracocentesis, pericardiocentesis, etc. Moreover, ultrasound technology become more reliable, less expensive and even reduced to hand-held devices. With the growth of portable ultrasound devices and having the technology to transmit images by using satellite and mobile networks transmission, reproducible ultrasound images can be easily referred to a specialist \[[@B2]\]. Teleultrasonography (TUS) has increased its range of applications, being used for traumatic patients in emergency medicine, maternal ultrasound and even for monitoring and screening for chronic illnesses such as cardiovascular disease.

Current advances in ultrasound technology coupled with telemedicine are increasingly becoming a reliable option for redesigning future health care systems, thus increasing population access to services that can provide a rapid and accurate diagnosis and so, improving the quality of patient care.

This article reviews and summarizes current literature regarding the value of TUS, highlighting successes and barriers of tele-ultrasound in clinical practice.

Historical Insight
==================

TUS is a technique which allows interpretation of ultrasound images obtained by health-care providers or untrained care providers located at a distance from a qualified center, and thus providing diagnostic imaging services to patients from remote areas. The initial efforts in the field of TUS technology were made by National and Aeronautics and Space Administration (NASA) and allowed astronauts to conduct real-time ultrasound examination with guidance from terrestrial specialists, such as musculoskeletal ultrasound, ocular examination for trauma and even FAST (focused assessment with sonography for trauma), in the absence of any other diagnostic imaging resource \[[@B3], [@B4], [@B5], [@B6]\].

World Health Organization (WHO) is rating ultrasonography as one of the most important technologies in developing countries and considers access to an ultrasound scan as a minimum global standard \[[@B7], [@B8]\]. Starting from this statement, the use of TUS by appropriately trained professionals within the ambulatory care setting has the potential to provide better care at the bedside \[[@B9]\], to diagnose and manage both acute and chronic illnesses and injuries \[[@B10]\].

Some of the first projects using clinical TUS have been developed in the field of obstetrics (fetal scans) and cardiology (echocardiograms), and even though the transmission bandwidth and signal were limited, interest and research have evolved incrementally over the past decade \[[@B11]\]. Past research has shown the clinical and patient advantages of portable sonography in remote areas but there has been limited research using randomized controlled trials to compare certain advantages of remote ultrasonography over a previous standard sonography. Also, a few studies have been published concerning training of care providers from remote or isolated areas.

Data Transmission
=================

Research in TUS is mostly divided into two categories of data transmission: asynchronous (store-and-forward) and synchronous (real-time) \[Fig. [1](#F1){ref-type="fig"}\]. Currently, the asynchronous method is the most widespread method, especially in the countries where ultrasound examinations are performed by technicians. It consists of collecting and storing images or videos data by the local health care provider and forward them to a specialist for interpretation. The need of TUS in rural sites was assessed using profile questionnaires, concluding there was a strong preference for the store-and-forward transmission of static images compared to real-time or transmission of video clips \[[@B12]\]. Another study indicated that store-and-forward TUS compared to the usual conventional referral system, reduces time to diagnose and increases the continuity of care in a rural setting \[[@B13]\]. Although older studies feared that this model has some technical limitations regarding lack of motion data, lack of color data, scan artefacts and increased scan-to-diagnosis time \[[@B14]\], it was mostly surpassed by technical progresses and the ubiquitous presence of GSM based mobile telephony and data connections.

In the synchronous mode, the data is acquired and transmitted in real-time to a remote expert, whilst the examination is performed. At the remote site, the sonographic examination can be performed by an operator with limited experience or after a brief training or with vocal guidance from the expert. As ultrasound is an operator-dependent examination, the quality of the data and a final correct diagnosis depends on how the operator handles and sites the probe. Based on personal data, researchers stated that in small medical centers, untrained operators could not capture appropriate ultrasound views, even with real-time vocal guidance \[[@B15]\].

On the other hand, another study tested the feasibility of real-time transmission of sonographic images from a remote location and showed that synchronous TUS guided with voice commands can overcome the lack of trained operators in remote or underdeveloped regions \[[@B16]\]. However, these kind of systems need good communication facilities, as well as expensive and complex technology with sophisticated equipment and might not be a valid option for underdeveloped countries \[[@B15]\]. Recently, cheaper and robust systems showed up on the market which opened opportunities for broader usage of TUS, according to WHO principles which support universal coverage for ultrasound technologies, even in underdeveloped countries that lack adequate and expensive imaging facilities \[[@B8]\].

![Proposed model for a national telemedicine (teleultrasonography) network with integrated software and hardware, consisting in stocking images and videos data in a database using Cloud infrastructure (\"The National Research-Development-Innovation Network In Hybrid Imaging and Advanced Telemedicine in Gastro Enterology and Cardiology\")](CHSJ-44-2-101-fig1){#F1}

Training and Protocols
======================

The first question to have in mind when we think about TUS operated by a non-experienced operator is: can we obtain adequate sonographic data with appropriate training and strict but simple protocols?

The ideal context to perform TUS would be to have certified sonographers in medical centers where the appropriate technology is accessible but these trained professionals are unavailable.

Nevertheless, this situation is usually not possible, especially in remote settings and the need of training for non-experienced personnel becomes an option.

Consequently, for the asynchronous mode (store-and-forward), training should aim to make the local provider familiar with basic ultrasound principles and techniques, following a standard protocol.

For the synchronous (real-time) mode, short training and vocal guidance following the same standard protocol could greatly help to provide experts with accurate and correct sonographic images.

As pioneers in the field of TUS, astronauts from the International Space Station received a short didactic and hands on ultrasound training 4 months before the mission, without any specific training in shoulder anatomy or shoulder ultrasound techniques.

On the station, with the basic terminology and having the remote experienced physician guidance for approximately 15 minutes, the crew members were able to collect ultrasound images that could be used to exclude subtle shoulder injury, concluding that it could be a useful approach for complex medical tasks \[[@B3]\].

On the other hand, a large study reviewed 1,510 consecutive ultrasound examinations to asses concordance of findings by technologists (sonographers) and physicians.

Even though the overall concordance was good (74%), concordance rates for a major or a minor new diagnoses were low (36% and 32%, respectively) but improved with increasing years of experience of the technologist \[[@B17]\].

They concluded that in order to have an accurate and complete examination report, the physician should take part in the overall conduct of the ultrasound examination, thus indicating the need of training for the sonographers.

The main pitfalls identified by the authors were related to 1) misinterpretation of a finding by the technologist, 2) non-visualization of a finding discovered by the physician performing a repeated scan, 3) technologists had a low correlation between the clinical context and ultrasound findings \[[@B17]\].

These errors could be a result of the lack of experience or the lack of trained examiners, which could represent a major limitation in isolated and remote places with reduced medical facilities.

In order to improve the process of acquiring good quality images, to perform a complete examination and to have an accurate diagnosis, computer assistance, with expert visual guidance (EVG) by a remote expert was proposed.

EVG system permits the examiner to monitor how the image plane is moving over an anatomical site as the probe moves over the patient's body \[[@B18]\].

The examiners received a 10 minutes training held by an experienced sonographer and they examined the aorta, the kidney and specific anatomy using a standard protocol.

The result of this study indicated that EVG had a significant benefit compared to verbal instructions alone for the inexperienced examiner in acquiring images of the abdominal aorta and specified anatomy but with a smaller benefit for the kidney \[[@B18]\].

Currently, TUS does not have standard training protocols, with less than 5% of the literature evaluating the training of the operator but without a systematic quantification of their improvement after receiving education sessions \[[@B19]\].

The feasibility of telemedicine to deliver training and supervision to general practitioners performing ultrasound in patients with lower urinary tract symptoms has been also tested.

The authors concluded that the remote examiners benefited from a regular ultrasound training, achieving a satisfactory level of competence in scanning the urinary tract \[[@B20]\].

Another study reported that education and hands-on training should be delivered for at least one month in order to perform ultrasound examinations with sufficient technical competence \[[@B21]\].

Along didactic training, a minimum number of scans should be required from professionals before beginning the actual work.

Thus, it has been previously reported that the trainees that performed over 150 scans had a better probability to complete high-quality sonograms \[[@B22]\].

Clinical Applications
=====================

From the first applications in space, telemedicine and particularly TUS has been tested in various fields, from emergency medicine in pre-hospital settings using FAST protocol, obstetrics for remote diagnostic consultations and prenatal screening for infectious disease, transabdominal non-obstetrics or musculoskeletal ultrasound.

Despite the fact that there is limited research on the influence of portable ultrasound in remote areas, a few studies have indicated its potential in providing a significant benefit that can alter management and treatment.

A study in the Amazon jungle researched the implication of ultrasound in the differential diagnosis of local tribal people.

Making a comparison between the clinical data pre-and post-ultrasound examination (transabdominal and transvaginal), the doctors concluded that some patients needed a completely different management, with a minority of patients that needed rapid referral for surgical evaluation, indicating clearly the role of ultrasound to dramatically alter diagnosis and treatment \[[@B23]\].

Most of the research in the field focused on the use of remote ultrasound in obstetrics and gynecology.

Ultrasound is a safe, cheap and a harmless method for confirmation, monitoring and evaluation of pregnancy and pregnancy-related complications.

Pregnant patients with limited access to tertiary care or living in isolated places could greatly benefit from telemedicine programs by setting a tele-ultrasound link to a tertiary care prenatal ultrasonography center.

Such a tele-ultrasound platform was implemented in Australia in 2013, evaluating 90 emergency ultrasound examinations performed by a trainee and transmitted to an experimented sonologist.

More than half of the patients received additional information from the senior sonologist, while the management of more than a quarter of cases was changed.

They proved not only that the costs of medical equipment and telecommunication networks were low, but they also provided images with a satisfactory quality for diagnosis \[[@B24]\].

In the pre-hospital setting, ultrasound could change the course of immediate management of life threatening injuries but could also help the triage of the patients. In this way, an emergency medical technician can provide to an emergency physician real-time ultrasound images and medical information using internet connectivity, thus enhancing pre-diagnosis options as well as damage and disaster control abilities in critical moments.

One study assessed paramedics with no prior experience in ultrasound examinations, which performed a FAST examination after receiving a 20-minute lecture and having guidance from an emergency physician \[[@B25]\].

The paramedics were able to successfully complete all the FAST views in less than 5 minutes, thus indicating potential life-saving role that ultrasound can play in austere environments, remote, and rural settings.

For musculoskeletal injuries, as well as soft tissue injuries, ultrasound is also a rapid and ideal imaging diagnostic modality to use in remote areas.

Being used in space by astronauts that received a short training before the mission, ultrasound was able to exclude subtle shoulder injury \[[@B3]\].

Its application in terrestrial environments has also been tested, some studies proving its worth.

Using a portable ultrasound system and internet connection, inexperienced subjects from a rural area at the Arctic Circle could provide diagnostic quality musculoskeletal images, guided by experts from a remote center \[[@B26]\].

Implementation Barriers
=======================

Around 20-30 years ago, communication and internet connections were issues in telemedicine projects, but the availability and speed of telecommunications has improved significantly nowadays, allowing to expand research and interest in the field of TUS.

Nevertheless, in underdeveloped countries or a given area with modest infrastructure for telecommunications still represents a technical limitation.

In addition, the systems for real-time telesonography and data transmission, as well as software platforms for videoconferencing and other sophisticated equipment are still not available or have high costs in many developing countries.

Consequently, it has been demonstrated that good quality ultrasound images can be obtained, with satisfactory results in performing real-time TUS using a low-cost platform \[[@B15],[@B24]\].

Another matter to take into consideration when setting up a TUS platform is the quality of the content transmitted to the tertiary center.

The reception and analysis of the images, in store-and-forward or real-time modes, can be influenced by many factors like transmission bandwidth, image compression, spatial resolution, contrast and other characteristic of the displaying device \[[@B27]\].

But streaming multimedia is evolving and further upcoming technologies will ease and improve TUS progress.

Some barriers that are still looking for a solution are related to training and protocols, errors in data acquisition, as well as lack of trained professionals to operate in remote areas. Insufficient training of the examiner coupled with the fears related to the complexity of use, the fact that training protocols are not well established or standardized can lead to an inappropriate and improper scanning technique as well as inadequate image collection.

Furthermore, the static images obtained by the examiner in the store-and-forward mode can lead to false diagnosis or non-diagnosis.

Concerning the limits generated from the examined patients, they could be concerned by security and confidentiality of the electronically transmitted data \[[@B28]\].

Conclusions
===========

In spite of the numerous challenges, TUS has the potential to change the future in providing healthcare remotely as well as education and training of healthcare providers.

Even though the literature is scarce, more research should focus on the role of training and standardized protocols using remote mentoring or comprehensive teaching.

Future communication technologies, advances made with ultrasound machines (portable, hand-held devices) and the low-cost TUS platforms will certainly transform sonography in a diagnostic imaging tool for any healthcare provider, and thus improving worldwide healthcare delivery, no matter the setting.
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